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1
LIGHTING DEVICE HAVING A REMOTE
WAVELENGTH CONVERTING LAYER

CROSS-REFERENCE TO PRIOR
APPLICATIONS

This application is the U.S. National Phase application
under 35 U.S.C. §371 of International Application No.
PCT/IB13/054388, filed on May 28, 2013, which claims the
benefit of U.S. Provisional Patent Application No. 61/655,
538, filed on Jun. 5, 2012. These applications are hereby
incorporated by reference herein.

FIELD OF THE INVENTION

The present invention generally relates to the field of
lighting devices having remote wavelength converting lay-
ers.

BACKGROUND OF THE INVENTION

Wavelength converting materials, such as phosphors, are
used for tuning the color of light emitting diode (LED) based
light sources. Phosphors in combination with blue LEDs are
used to produce white light. Depending on the type of
phosphors and the amount of conversion, the color can be
tuned to achieve a desired color such as cool white or warm
white. The white light is produced by a combination of
transmitted (unconverted) blue light and converted, often
yellowish, light.

When the phosphor is arranged in a substrate or layer
separate, i.e. at a certain distance, from the LED, it is
referred to as a remote phosphor layer. Such a remote
phosphor layer may be provided directly in an outer enve-
lope of the lighting device or as a separate layer inside the
envelope. Examples of such lighting devices are shown in
CN201606695 and EP2293355.

A problem with remote phosphor layers is that the color
distribution of light emitted from the exit surface, i.e. the
surface of the remote phosphor layer from which light is
emitted, may be non-uniform. This is in particular the case
in LED-based tube lamps having e.g. blue LEDs and a
phosphor mixture in the curved envelope, wherein yellow
lines are visible at the edges of the envelope at angles close
to £90° with respect to an optical axis of the lamp.

SUMMARY OF THE INVENTION

It is an object of the present invention to overcome this
problem and to provide a lighting device with a more
uniform color distribution of emitted light across the wave-
length converting layer.

According to an aspect of the present invention, this and
other objects are achieved by a lighting device as defined in
the independent claim. Embodiments of the invention are
defined in the dependent claims.

According to an aspect of the present invention, a lighting
device is provided. The lighting device comprises a wave-
length converting layer having a curved shape and a light
source arranged to emit light towards the wavelength con-
verting layer. The wavelength converting layer intersects a
plane extending through the light source and being parallel
with the optical axis of the light source, at a curve given, in
a polar coordinate system centered at the light source, by the
equation:

R(@)=FI()"*=D (Equation 1)

10

15

20

25

30

35

40

45

50

55

60

65

2

wherein k is a constant, ¢ is an angle with respect to the
optical axis, I(¢) is a function defining a luminous intensity
profile of the light source and D is a deviation ranging from
zero to 20% of the maximum value of said curve, R,,, ..

Another way of defining the wavelength converting layer
is that the outline of the shape of the wavelength converting
layer is defined by a curve whose radius R is, in a polar
coordinate system centered at the light source, expressed by
Equation 1, wherein k is a constant, ¢ is an angle with
respect to the optical axis, I(¢) is a function defining a light
intensity profile of the light source and D is a deviation
ranging from zero to 20% of the maximum value of said
curve, R, .-

The inventors have realized that the non-uniform color
distribution obtained in prior art lighting devices is caused
by the non-uniform illumination of the wavelength convert-
ing layer by the light source. Light sources such as LEDs
often have a Lambertian-like light distribution pattern,
which means that the light intensity is higher in the main
forward emission direction, which is right above or in front
of'the light source, i.e. at a point opposite to a base at which
the light source is mounted, than in the lateral directions.
When using a conventional semi-circle-shaped wavelength
converting layer as typically used in linear lighting devices,
the less illuminated edges or near edge regions of the
wavelength converting layer have a slightly different color
compared to the more illuminated regions, which corre-
spond to the mid, or upper relative to a lower base at which
the light source may be arranged, portion of the wavelength
converting layer. The less illuminated edges have a color
closer to the color of the wavelength converting material
while the more illuminated regions have a color more
towards the color of the LEDs. For example, if one or more
blue LEDs and a yellow phosphor are used, the edges of the
wavelength converting layer will appear to be closer to
yellow than the upper portion of the curved wavelength
converting layer, which will be appear to be closer to blue.

The illuminance E of the wavelength converting layer
depends on the distance Rbetween the light source and the
wavelength converting layer and the luminous intensity
profile 1(¢) of the light source, which profile depends on the
angle ¢ of a light path with respect to the optical axis of the
light source, according to the equation:

1(¢)

E@) = o (Equation 2)

If instead the illuminance E is held constant and the
distance R is allowed to vary as a function of the angle, an
equation is obtained defining a curve shape of the wave-
length converting layer, which will be more uniformly
illuminated compared to a conventional wavelength con-
verting layer not adapted to the luminous intensity distribu-
tion profile of the light source. The distance may thus be
defined as:

1($) )1/2 (Equation 3)

R$)= (2

Equation 3 defines a curve on which the shape of the
wavelength converting layer preferably may be based in
order to obtain a more uniform illuminance, and thereby a
more uniform, or more out leveled, color gradient at the
wavelength converting layer.
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The present invention uses the concept of adapting the
curve shape of the wavelength converting layer to the
luminous intensity distribution of the light source such that
the distance from the light source to the wavelength con-
verting layer is shorter at angles ¢ where the luminous
intensity is lower and longer at angles ¢ where the luminous
intensity is higher. A curve shape of the wavelength con-
verting layer as defined by Equation 1 is adapted to the
luminous intensity distribution pattern of the light source,
whereby the wavelength converting layer is more uniformly
illuminated.

The present invention is thus advantageous in that the
lighting device provides a more uniform color distribution of
emitted light across the wavelength converting layer and the
risk for color gradients and artifacts is reduced. In addition,
the far field luminous intensity of the lighting device is more
uniform due to the more uniformly illuminated wavelength
converting layer.

A deviation, as defined by +D in Equation 1, from the
luminous intensity profile based curve shape, k-I(¢)"?, may
be envisaged while still providing a more uniform illumi-
nance of the wavelength converting layer compared to prior
art. It will be appreciated that the deviation D ranging from
zero to 20% of the maximum value of the curve R,,,,, may
be constant or vary with the angle ¢. Preferably, the devia-
tion D may range from zero to 10%, even more preferably
to 5%, of the maximum value of the curve R,,,.. Alterna-
tively, the deviation D may range from zero to 20% of R(¢).

It will be appreciated that the plane, which the wavelength
converting layer intersects, is an imaginary, i.e. fictitious,
plane extending through the light source and being substan-
tially parallel with the optical axis of the light source.
Further, in the present disclosure the optical axis may be an
axis extending through the light source and being parallel
with the main forward emission direction of the light source
which typically, in particular for LEDs, is the direction at
which the emitted light intensity is highest.

According to an embodiment, the wavelength converting
layer may intersect the plane with a curve given in a polar
coordinate system centered at the light source by the equa-
tion:

R(@)=k-cos(@)'?D (Equation 4)

In case of a Lambertian-type light source the luminous
intensity profile can be defined as:

Ii§)=Iycos(@)

wherein 1, is the luminous intensity of the light source at
¢=0. Incorporating Equation 5 into Equation 2 shows that
the maximum illuminance E,,,. of a conventional semi-
circle-shaped wavelength converting layer is located oppo-
site to or in front of the light source, close to ¢=0, while the
illuminance at the edges, close to ¢=+90°, is negligible and
virtually zero. With the present embodiment, the curve shape
of the wavelength converting layer is adapted to the lumi-
nous intensity distribution profile of a Lambertian-type light
source. Incorporating Equation 5 into Equation 3 gives a
definition of a distance according to Equation 6:

(Equation 5)

12 E ion 6
R(@:(%O) (cos())'? (Equation 6)

Equation 6 defines a cosine based curve on which the
shape of the wavelength converting layer preferably may be
based for use in combination with Lambertian-type light
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sources in order to obtain a more uniform illuminance, and
thereby a more uniform, i.e. more out leveled, color gradient
at the wavelength converting layer. The term (I,/E)"? can be
expressed as a constant k, whereby Equation 4 is provided
for defining a preferable curve shape of the wavelength
converting layer.

According to an embodiment of the present invention, the
wavelength converting layer may intersect the curve as
defined by Equation 1 or Equation 4 at least from ¢=-30° to
$=30°, preferably at least from $=-60° to ¢=60°, and even
more preferably at least from ¢=75° to ¢=75°. Hence, a
considerable, and preferably a major, part of the wavelength
converting layer follows the curve given by Equation 1 or
Equation 4, and the wavelength converting layer is therefore
more uniformly illuminated as compared to prior art wave-
length converting layers.

According to an embodiment of the present invention, the
wavelength converting layer may intersect the curve at most
from ¢=80° to $=80°. The present embodiment is advanta-
geous in that the closest distance from the wavelength
converting layer to the light source is increased, whereby a
higher chemical stability of the wavelength converting mate-
rial is obtained. Hence, the wavelength converting layer may
not extend all the way to the light source, leaving a space
between the light source and the edges of wavelength
converting layer. This is advantageous since wavelength
converting material located in the very proximity of a light
source tends to gradually deteriorate due to the heat gener-
ated by the light source and high energy light from the light
source.

In an embodiment, the constant k may have a value
comprised within the interval 0.005 to 0.02 meter, which
results in an appropriate shape of the wavelength converting
layer, defined in meter, when using an LED having a
luminous intensity of around 5 Im to 200 Im at ¢=0 as a light
source. Preferably, the constant k may be higher when using
a light source with higher luminous intensity and lower
when using a light source with lower light intensity. For
example, the value of the constant k may be determined
based on the desired illuminance E and the luminous inten-
sity I, of the light source at $=0 according to the following
equation:

(Equation 7)

As an example, when using T8 LEDs having a luminous
intensity of around 50 Im/LED, the constant k may be
preferably around 0.0127 meter.

According to an embodiment of the present invention, the
light source may be configured to emit light with a Lam-
bertian-like distribution, which implies a higher light inten-
sity in the forward emission direction than in the lateral
directions. The light source may e.g. be a Lambertian-type
light source. The present embodiment is advantageous in
that the shape of the wavelength converting layer and the
light distribution of the light source are better adapted to
each other, i.e. match each other, whereby the illuminance of
the wavelength converting layer becomes even more uni-
form. For example, the light source may be a solid state light
source, such as an LED, which typically provides a Lam-
bertian-like light intensity distribution pattern.

According to an embodiment, the wavelength converting
layer may comprise diffusing means whereby light from the
light source is scattered into a wider intensity distribution by
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the wavelength converting layer. The diffusing means may
be scattering particles, a scattering surface structure, e.g. a
rough surface, and/or air voids in the wavelength converting
layer. Alternatively, or as a complement, a separate diffusing
layer may be arranged outside the wavelength converting
layer, i.e. on the side of the wavelength converting layer not
facing the light source. Such diffusing layer may e.g. be a
holographically made diffuser surface or simply an optical
layer comprising scattering particles or a scattering surface
structure. In the present embodiments, the diffusing means
may be anisotropic, which is advantageous for linear light
sources, wherein the diffusing means may be adapted to
scatter light in the length direction of the tube.

For shaping the light distribution, the lighting device may
comprise optical structures, such as prisms, preferably
arranged outside the wavelength converting layer. Such
optical structures may be adapted to refracting light in any
desired directions.

According to an embodiment of the present invention, the
lighting device may further comprise an envelope enclosing
the light source and the wavelength converting layer,
whereby the wavelength converting layer is better protected
from damage. The envelope may have any desired shape and
may not necessarily follow the curve shape of the wave-
length converting layer. Hence, the envelope may have e.g.
a conventional semi-circular shape in case of a linear-type
lighting device, whereby the lighting device will have the
appearance of a conventional lighting device. Optionally, the
envelope may comprise diffusing means as those described
in the preceding embodiment.

According to an embodiment of the present invention, a
gap, such as an air gap, is defined between the wavelength
converting layer and the envelope, whereby the wavelength
converting layer and the envelope may be physically sepa-
rated for disabling optical contact there between. Hence, the
outer surface of the wavelength converting layer and the
inner surface of the envelope may be physically separated
for providing an air gap or a gap with any gas or vacuum.
Alternatively, or as a complement, the surface of the wave-
length converting layer facing the envelope may have an
uneven surface structure, such as being rough, thereby
reducing the optical contact between the wavelength con-
verting layer and the envelope even if they about each other.
In the present disclosure, the term “optical contact” means
the physical contact between two optical bodies having
similar refractive indices implying just a slight, i.e. negli-
gible, or no refraction of light traveling across the boundary
between the two optical bodies. The optical contact between
the wavelength converting layer and the envelope may
preferably be reduced, or even avoided, as it may influence
the light distribution in terms of both intensity and color.

According to an embodiment, the lighting device may be
a linear-type lighting device. The lighting device may hence
have an elongated shape and the light sources may be
arranged in a row. Looking into a cross section of such a
linear-type lighting device, taken along a plane perpendicu-
lar to the longitudinal direction of the lighting device, the
light source is similar to a point-like light source, whereby
the illuminance across the wavelength converting layer in
the direction perpendicular to the longitudinal direction of
the lighting device is more uniform. Further, the wavelength
converting layer may be elongated and the plane, which the
wavelength converting layer intersects, may be perpendicu-
lar to the longitudinal direction of the wavelength converting
layer, thereby making illuminance of the wavelength con-
verting layer even more uniform. It will be appreciated that
the linear-type lighting device may have any desired shape
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as long as the light sources are arranged in a row, such as
elongated and curved, or torus shaped.

BRIEF DESCRIPTION OF THE DRAWINGS

This and other aspects of the present invention will now
be described in more detail, with reference to the appended
drawings showing embodiments of the invention.

FIG. 1 is a cross sectional view of a lighting device
according to prior art.

FIG. 2 is a cross sectional view of a lighting device
according to an embodiment of the present invention.

FIG. 3 shows a polar coordinate system in which a curve
shape according to an embodiment of the present invention
is represented.

FIG. 4 is a cross sectional view of a lighting device
according to another embodiment of the present invention.

FIG. 5 is a cross sectional view of a lighting device
according to yet another embodiment of the present inven-
tion.

All the figures are schematic, not necessarily to scale, and
generally only show parts which are necessary in order to
elucidate the invention, wherein other parts may be omitted
or merely suggested.

DETAILED DESCRIPTION

With reference to FIG. 1, a lighting device according to
prior art will be described. FIG. 1 is a cross sectional view
taken along a plane perpendicular to the longitudinal direc-
tion of a linear-type lighting device 1. The lighting device 1
comprises a blue LED 12, i.e. an LED emitting blue light, a
heat sink 13 with a cavity 14 for driving electronics (not
shown) and a wavelength converting layer 11, which also
functions as an envelope enclosing the LED 12. The wave-
length converting layer 11 comprises wavelength converting
material, such as yellow phosphor, i.e. a phosphor emitting
yellow light upon absorption of photons, preferably from the
blue light of the LED 12, for providing a certain color of the
light output from the lighting device 1. The distance from the
LED 12 to the wavelength converting layer 11 is denoted R
and the angle with respect to the optical axis 10 of the LED
12 is denoted ¢. The cross section of the wavelength
converting layer 11 is semi-circular and the distance R is the
same irrespective of the angle ¢ and, hence, constant across
the wavelength converting layer 11. As LEDs typically have
a Lambertian-type light intensity distribution, the wave-
length converting layer 11 will be non-uniformly illuminated
when the LED 12 is turned on, whereby a color gradient
across the envelope will be visible. Typically, the portion of
the wavelength converting layer opposite to or in front of the
LED 12 will be more blue than the near edge portions, which
will be more yellow, due to the higher light intensity of the
LED 12 in the forward direction than in the lateral direc-
tions.

With reference to FIG. 2, a lighting device according to an
embodiment of the present invention will be described. FIG.
2 is a cross sectional view taken along a plane perpendicular
to the longitudinal direction of a linear-type lighting device
2 such as a tube lamp. Light sources 22 are arranged in a row
or line in the lighting device 2, preferably with a pitch, i.e.
a distance between the light sources 22, sufficiently small to
reduce visible spots at the surface of the envelope of the
lighting device 2. As the cross sectional view in FIG. 2 is
taken perpendicular to the longitudinal direction of the
linear-type lighting device 2, only one light source 22 is
visible in the figure.
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The lighting device 2 further comprises a heat sink 23
defining a cavity 24 in which the electronics (not shown) for
driving the light sources 22 are arranged, a wavelength
converting layer 21 and an envelope 25 enclosing the
wavelength converting layer 21 and the light sources 22. The
wavelength converting layer 21 comprises wavelength con-
verting material, or luminescent material, such as phosphor
pigments (e.g. YAG:Ce) and/or luminescent dye for con-
verting the wavelength of the light from the light sources 22
into a desired color.

The shape of the wavelength converting layer 21 is
advantageously adapted to the luminous intensity distribu-
tion pattern of the light source so as to obtain a more uniform
illuminance of the wavelength converting layer 21 than that
obtained in the prior art device described with reference to
FIG. 1. In the present embodiment, the wavelength convert-
ing layer 21 intersects a fictitious plane extending through
the light source 22 and being parallel with the optical axis 20
of the light source 22, at a curve given, in a polar coordinate
system centered at the light source 22, by the equation:

R(p)=k-cos($)*=D (Equation 4)

wherein k is a constant, ¢ is an angle with respect to the
optical axis 20 and D is a deviation ranging from zero to
20% of the maximum value of the curve, R, .. The plane
which the wavelength converting layer 21 intersects is, in
the present example as shown in FIG. 2, perpendicular to the
longitudinal direction of the linear lighting device 2 and thus
parallel with the plane at which the cross section is taken in
the figure. The constant k may be set to a value adapted for
obtaining an appropriate size of the wavelength converting
layer 22 and/or an appropriate distance from the light source
22 to the wavelength converting layer 21. For example, the
value of the constant k may be based on the desired
illuminance E at the wavelength converting layer 22 and the
far-field luminous intensity I, of the light source 22 at ¢=0
according to the equation:

L2 (Equation 7)

()

FIG. 3 shows the curve 32 as defined by Equation 1
represented in a polar coordinate system. In the present
non-limiting illustrative example, the constant is set to k=1
and the deviation is set to D=0. As can be seen in both FIG.
2 and FIG. 3, the maximum distance, represented by the
maximum value of the curve R, from the light source 22,
positioned at the pole of the polar coordinate system, to the
wavelength converting layer 21 is in front of or above the
light source 22 at $=0 where also the light intensity from the
light source 22 is the highest, while the distance from the
light source 22 to the wavelength converting layer 21 is at
least near zero at $=90° and ¢=270° (also referred to as
$=-90° in the present disclosure), at which angles also the
light intensity from the light source 22 is the lowest.

For comparison, a curve 31 representing the shape of the
prior art wavelength converting layer, as described with
reference to FIG. 1, is also represented in the polar coordi-
nate system. As can be seen in both FIG. 3 and FIG. 1, the
distance between the light source 12 and the wavelength
converting layer 11 represented by curve 31 is constant from
$=90° to $=270°. The equal distance at low and high angles
implies that the illuminance of the wavelength converting
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layer 11 will be relatively high at low angles, i.e. close to
¢=0, and relatively low at high angles, i.e. close to $=90°
and ¢=270°.

With reference to FIG. 4, an embodiment of the present
invention will be described. FIG. 4 shows a lighting device
4 similar to the lighting device 2 described with reference to
FIG. 2, with the difference that the heat sink 43 is arranged
such that it shadows less light from the light source 42,
wherein the light source 42 is slightly elevated with respect
to the heat sink 43. With the present embodiment, the lateral
extension or width of heat sink 43 is reduced such that more
light is emitted backwardly relative to the forward emission
direction parallel with the optical axis 40 of the light source
42. Hence, a more omni-directional light distribution is
obtained. Further, a base at which the light sources 42 are
arranged is covered by a reflector 46, which may be diffuse
or specular, for increasing the light output from the lighting
device 4. The wavelength converting layer 41 may be
configured as in the embodiment described with reference to
FIG. 2. The envelope 45 is arranged to cover the wavelength
converting layer 41 and the light source 42.

With reference to FIG. 5, another embodiment of the
present invention will be described. FIG. 5 shows a lighting
device 5 similar to the lighting device 2 described with
reference to FIG. 2, with the difference that the wavelength
converting layer 51 intersects the curve defined by Equation
1 at a narrower angle interval. Preferably, the wavelength
converting layer 51 may intersect the curve at least from
$=-30° (also referred to as $=330°) to ¢$=30°, preferably
from ¢=-60° (also referred to as $=300°) to $=60°, and even
more preferably at least from ¢=-75° (also referred to as
$=285° to ¢=75°, with respect to the optical axis 50 of the
light source 52. However, in the present embodiment, the
wavelength converting layer 51 may intersect the curve at
most from ¢=-80° (also referred to as $=280°) to $=80°. The
more limited coincidence with the curve provides a space
between the light source 52 and the edges 57 of the wave-
length converting layer 51, i.e. the edges or end points at
which the curved shape as defined in accordance with
Equation 1 terminates, and the closest distance from the
wavelength converting layer 51 to the light source 52 is
increased compared to the embodiment described with ref-
erence 1o e.g. FIG. 2. As heat generated by the light source
52 may in time gradually deteriorate the stability of the
phosphor composition in the wavelength converting layer
51, it is advantageous to separate the edges 57 of the
wavelength converting layer 51 from the light source 52 and
the heat sink 53. Between the edges 57 of the wavelength
converting layer 51 and the base plate at which the light
source 52 is arranged, reflectors 56, e.g. diffuse or specular,
or translucent diffusers (not shown) may be arranged for
supporting the wavelength converting layer 51 for increas-
ing the light output from the lighting device 5.

In the following, further embodiments of the invention,
which may be combined with any one of the previously
described embodiments, will be described.

Preferably, the ratio between the pitch p and the maximum
distance from the light source to the wavelength converting
layer R, is R, /p=1 for providing a more uniform color
distribution or conversion along the linear lighting device.
Further, the light sources may preferably be equally spaced
in the row configuration.

The wavelength converting layer may comprise diffusing
means, such as scattering particles, e.g. TiO, or Al,O;, air
voids and/or a scattering surface structure. The diffusing
means may be arranged within the wavelength converting
layer or as a separate layer coated on the wavelength
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converting layer. Diffusing means may alternatively, or as a
complement be arranged at the envelope for further smooth-
ening any color irregularities or artifacts present at the
wavelength converting layer and thereby in the light inten-
sity distribution. Further, the wavelength converting layer
and/or the envelope may comprise optical structures, such as
prisms, lenticulars or holographically made structures, for
improving the color uniformity and/or spread the light in
desired directions to tune the far field intensity distribution
of' the lighting device. For reducing the quality of the optical
contact between the wavelength converting layer and the
envelope, the outer surface of the wavelength converting
layer and/or the inner surface of the envelope 25 may be
rough, at least in the region where the two optical parts about
each other. Alternatively, an air gap may be defined between
the wavelength converting layer and the envelope for avoid-
ing optical contact. Furthermore, the wavelength converting
layer and/or the envelope may be extruded optical covers,
i.e. manufactured by extruding soft material through an
opening having the desired profile, with a uniform thickness
or a variation in thickness dependent on the angle ¢.

The person skilled in the art realizes that the present
invention by no means is limited to the preferred embodi-
ments described above. On the contrary, many modifications
and variations are possible within the scope of the appended
claims. For example, the examples of curve shape and size
of the wavelength converting layer, as well as other con-
stituent parts of the lighting device described with reference
to FIG. 2 is also applicable in any of the other described
embodiments.

The invention claimed is:

1. A lighting device comprising:

a wavelength converting layer having a curved shape, and

a light source arranged to emit light towards the wave-
length converting layer,

wherein the wavelength converting layer intersects a
plane extending through the light source and being
parallel with the optical axis of the light source, at a
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curve given, in a polar coordinate system centered at
the light source, by the equation:

R(§)=k-cos(9)' =D,

wherein k is a constant, ¢ is an angle with respect to said
optical axis, [(¢p) defines a luminous intensity profile of
the light source and D is a deviation ranging from zero
to 20% of the maximum value of said curve, R,,, ..

2. The lighting device as defined in claim 1, wherein the
wavelength converting layer intersects said curve at least
from ¢=-30° to ¢=30°, preferably at least from ¢=-60° to
$=60°, and even more preferably at least from ¢=-75° to
$=75°.

3. The lighting device as defined in claim 1, wherein the
wavelength converting layer intersects said curve at most
from ¢=-80° to ¢=80°.

4. The lighting device as defined in claim 3, wherein the
constant (k) has a value comprised within the interval 0.005
to 0.02 meter.

5. The lighting device as defined in claim 4, wherein the
light source is configured to emit light with a Lambertian-
like distribution.

6. The lighting device as defined in claim 5, wherein the
wavelength converting layer comprises a diffusing means.

7. The lighting device as defined in claim 5, further
comprising an envelope enclosing the light source and the
wavelength converting layer.

8. The lighting device as defined in claim 7, wherein a gap
is defined between the wavelength converting layer and the
envelope.

9. The lighting device as defined in claim 7, wherein the
surface of the wavelength converting layer facing the enve-
lope has an uneven surface structure.

10. The lighting device as defined in claim 9, wherein the
lighting device is a linear-type lighting device.

11. The lighting device as defined in claim 10, wherein the
wavelength converting layer is elongated and said plane is
perpendicular to the longitudinal direction of the wavelength
converting layer.



